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The contribution of this paper is two parts. The first part of this paper address
numerical solution of singularly perturbed problems. In the second part, we consider
the FPDE and it’s numerical approximation.
Singularly perturbed problem with boundary layer was mainly studied in this
paper. In the near region of boundary layer, the solution of singularly perturbed
problem changes repidly when ε → 0. The differential equation has singularity
related to boundary layer.
Classical difference scheme usually gives unsatisfactory numerical results for sin-
gularly perturbed problem. In particular, the pointwies errors of numerical methods
based on centered or upwinded difference scheme on uniform meshes depend in-
versely on the power of the small parameter ε. Therefore, the interest in developing
and analyzing efficient numerical methods, especially unifrom convergence numerical
method, which is not depend on the small parameter ε, has increased enormously.
Shishkin method has become popular in recent 10 years. In order to improve the
rate of convergence, Shishkin method with Bakhvalov’s technique, which is called
Bakhvalov–Shishkin method, is presented.
Based on Shishkin method, multi–transition points method is constructed in
this paper. The new method is nonequidistant mesh partition. It has the numerical
accuracy as Bakhvalov–Shishkin method, while it has simple computation procedure
as Shishkin method. This novel numerical method is an practical and efficient
computational method.
The main ideas of multi–transition point method are as follow. Firstly, the
choice of multi–transition points is presented according to the property of boundary
layer. Secondly, multi–segment discrete mesh functions as barrier functions for nu-
merical solution of the singular component are constructed. Thirdly, the estimate
of truncation error, especially truncation error in transition points, is given. The
proof is different from proof in traditional Shishkin method. There are some new
techniques in our work.
Numerical techniques based on integer–order differential equation have been
applied to solve fractional–order differential equation. However, theoretical results
for numerical solution of fractional–order differential equation have not been devel-
oped until recent 3 years. It is just beginning in the proof of numerical solution,
especially in the stability and convergence. There are many difficulty in numerical














The numerical solution of fractional–order partial differential equation consid-
ered mainly about parabolic differential equation up to the present. The finite
difference method was studied only. The coefficient in fractional–order derivative
term was restricted to be constant, or to be function of space variable x. i.e. The
coefficient was undependent on time variable t. Our proof method is different from
previous work in this paper. The coefficient of fractional–order derivitive term may
be the function of x and t. The finite difference scheme is stability and convergence
by norm ‖.‖∞. Since the proof technique is different from previous work, the stabil-
ity of numerical solution in this paper means the stabe with respect to initial value
and right hand side, while the stability in previous work only means the stable with
respect to initial value.
In chapter 1, some numerical methods in singularly perturbed problem were
introduced. The theoretical and numerical achievement of fractional–order ordinary
differentilal equation and partial differential equation were presented. Comparisons
of our work between previous work were given.
In chapter 2, singularly perturbed convection diffusion problem was analysed.
Multi–transition points method was presented. Multi–transition finite differential
scheme was constructed. The new method uniformly convergent with respect to
small parameter in order O(N−1), where N is number of interval.
In chapter 3, singularly perturbed convection diffusion problem with ”less se-
vere” Robin boundary condition and ”strong” Robin boundary condition were stud-
ied. For singularly perturbed problem with ” less severe” Robin boundary condition,
Shishkin method was constructed and was proved to be uniformly convergence with
respect to small parameter in order O(N−1lnN). For singularly perturbed problem
with ”strong” Robin boundary condition, multi–transition finite differential equa-
tion was constructed and was proved to be uniformly convergence with respect to
small parameter in order O(N−1),
In chapter 4, two kind of singular perturbed partial differential equation were
studied. One is parabolic differential equation with small parameter ε in space
x, while multi–transition points in x were introduced. Another one is parabolic
differential equation with small parameter ε in space t, while multi-transition points
in t were introduced, which is different from previous equation. Multi-transition
points difference scheme, which were uniformly convergence with respect to small
parameter, were constructed for both two equations individually. Our work are
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